So far, three-dimensional geographic information system (3DGIS) has been developed and applied to many fields. However, data capturing is a challenge for complex environment modeling and visualization. Panorama is an elegant method for users to get a real view without being plagued by 3D measurement and modeling. Although someone claimed that panoramas can offer the function of measurement, the results are widely considered not reliable. 3D images composited by laser scanner data are another kind of precise data source to replace traditional 3D modeling. Laser scanners have obvious shortcomings, such as vast data and time-consuming processes. We propose a method of using stereo panorama technology to complement the three-dimensional data acquisition, processing and management. By using two cameras combined with MTI sensors, which provide pose and position measurement. We can obtain the stereo panorama at one time, which enables users to measure positions and orientations of particular features. The panorama can be uploaded to the 3D-GIS in a custom transmission format to provide stereo browsing of data capture sites. Combined with photogrammetry technology, users can also get accurate results by measuring interesting features on the panorama through interactive measurement interface. Based on Google Earth platform, we verified the effectiveness of our developed system. It stands out from traditional methods with its irreplaceable superiority in local 3D data acquisition and updating, as well as its direct data measurement.
INTRODUCTION
The purpose of 3D geographic information construction is mainly to provide users with a digital and life-like information space, in which users can analyze and process spatial information to get results of relative applications.
However, data are in large demand when constructing a 3D-GIS, especially when we need to build detailed 3D models for better visual effects. In general, this process of data gathering and model building requires a lot of human and material resources. Moreover, the data updating afterwards is more complicated than that of a traditional geographic information system. The complex work is not simplified even when it only implements simple functions like browse and query without complicated special analysis.
To solve this problem, we proposed a method of replacing the modeling, query and data updating processes in a traditional 3D-GIS by 3D panoramic models in complicated and important sites. This method takes advantages of real-time digital images and the method of photogrammetry. 2) Data updating is clear and concise. What we need to do is only data re-gathering with relevant equipment, regardless of complicated factors and processes in traditional spatial database updating.
3) This method is directly based on digital image data, so spatial vector data management and processing are reduced. Accordingly, the system is simplified, and the up-to-data state and the effectiveness of information updating are improved.
As mentioned above, the method we proposed is very promising, and it may become an important part of 3D-GIS in the future.
This essay is structured as follows: we begin with a short description of relevant research in Section 2, and then come up with the theory and the measuring method of stereo panorama refactoring in Section 3. In section 4, we state the core content of this essay, the construction of a 3D-GIS integrated with stereo panoramas.
RELEVANT RESEARCH
It is widely studied over the years to introduce panorama images into 3D-GISs (or GISs), and there are many related commercial software systems, among which the panorama application of Google Earth is most popular. With this application, users can browse real sites, which to some degree are immersive [1] . In China, there are also many so-called 3D panorama GISs, such as Roctec [2] and Mapscene [3] . They claim that their systems have integrated panorama images into 3D-GIS, and users can not only browse panorama images continuously, but also do 3D object measurement. The main theory contains two aspects: 1) Match 3D point cloud obtained by laser scanners with images to get 3D images, as is stated in [11] ; 2) Implement the measuring function by taking advantages of regular shapes on images and foregone constraint conditions. For the former, the aim of quick and real-time measurement is hard to achieve due to high-cost data acquisition and complicated data processing. For the later, measurement accuracy is not credible, so the results are for reference only. (Fangi, 2007 (Fangi, ,2009 (Fangi, ,2010 . In summary, the main purpose of these work is to realize the whole rebuilding of 3D object models through constructing panorama images. So it still costs a lot of resources.
Data accuracy is an important evaluation index for GIS applications, and in general rule, the precision should be without any doubt. So in this essay, we have a different purpose, to offer users not only good virtual presentation effects but also high-precision measuring results, so that we can meet professional users' demand.
MEASUREMENT OF STEREO PANORAMA
Based on stereo image pairs, users are able to attain 3D position of any object by stereo measurement. When this image pair is combined with real geo-reference, it can provide spatial coordinate of feature points, and reach the target of measure and analyzing objects with interactive operations.
The difference between stereo panorama and traditional photogrammetry is that every feature point of traditional photogrammetry has certain image frame and image center; but when it comes to stereo panorama, the progress of image stitching will make some image frame information lost, so it's impossible to measure according the original images' frame and center. There are two ways to make panorama: one is the camera has a fixed position and turn 360° to take photos( Figure 4A); another way is the camera moves along the focal plane (most used in street view images, Figure 4B ).
It's obvious that the first way is not suitable to build stereo panorama, and the second way also has some shortages, such as camera mush move along a straight line, the interval must be equally divided .etc. When we want to get the positions of targets far from the station on the image high-precision results would be carried out after we set camera shooting routes properly and take pictures at suitable intervals by using 4.b method. In this article, we use the way showed in figure 4.b to make stereo panorama image sequence.
The way showed in figure 5 .b is similar to that in figure4b.
We must consider relative offset and rotation between adjacent image pairs. There will be more fault if only consider rotation like building traditional panorama.
In order solve this problem, we built a specialized device, as is showed in figure 6 , this device contains two same cameras, and can provide accurate distance between the two cameras measured by mm. An MTi motion tracker is used to attain the 3D pose and position of the device in real time. The angular accuracy of this motion tracker is less than 1° , positioning accuracy is less than 10m. Therefore, in this essay, we are not going to define 3D-GIS as In addition, it is also the earliest non-professional GIS integrated with panoramas.
3D GIS INTEGRATED WITH STEREO PANORAMAS
As is mentioned in Section 1, it is of great significance to replace complicated modeling by image sequences in depicting complex outdoor sites. The visualization effect of Google Earth panoramas is analogous to that of traditional 3D visualization methods in the aspect of browse, and there is no landscape distortion in any representing process.
However after all, panoramas lack digital 3D information, so users cannot obtain spatial geometrical information, the main characteristic of GIS. In order to supply the gap, we introduce Google Earth has integrated many streetscapes (stereo panoramas) and implemented good browse functions, but these stereo panoramas lack immersion senses, as well as spatial measuring functions. The wok in the essay can well supply this gap.
EXPERIMENT
In order to validate the practicability and operability of the stereo panorama integrated 3D GIS we carried out an experiment along the north shore of the Qinhe River with the device we have made to acquire the stereo image sequences. 
CONCLUSION
In terms of the spatial information system data acquisition is a kind of basic and decisive work. The acquisition of different types of data could influence the whole method of the following data processing, management and application.
Though there are many existing 3D GIS, part of which also declare that they can make measurement, provide limited measurement accuracy. The method provide in this paper would achieve accuracy which is the same with that in Terrestrial Photogrammetry theoretically. But the results showed in the experiment are not satisfactory for the limited accuracy of the camera calibration process as well as the MTI pose data. It could completely achieve the 3DGIS application requirement in the field of Surveying and mapping.
Except the real-time measurement of fine accuracy the method also enable users to do a quick data-update, sometimes on time update, and stereo measurement to aid in the real time and quick long-distance monitoring of the important targets when doing emergency rescues. It makes up the weakness that 3DGIS data is hard to update and express insufficient detail information of the real world.
